Abstract We study the 2D seismic velocity structure of the south edge of the Jiyang depression, in the Bohai Bay Basin, northern China, using recordings from 28 broadband seismic stations and a method combining an shear horizontal (SH) forward synthetic calculation and waveform inversion. The forward synthetic calculations are performed by a finite-difference (FD) method, with its computational domain localized in the basin area and input motions at the base of the model extrapolated from the displacement recorded at a nearby hard-rock station. In waveform inversion, the shapes of the strata are varied to search for a best-fitting model based on the fit of relative timing, amplitude, and phase of the synthetics to the seismic data. Numerical experiments using synthetic data and test models demonstrate the validity, resolution, and sensitivity of our technique. With this technique, we obtain two cross sections of the south edge of the Jiyang depression, the Bohai Bay Basin, northern China. The waveform inversions using the seismic data from four teleseismic events show consistent results for both cross sections. Those inversion results are also in agreement with a geological cross section available in the region. Our models estimate that the south edge of the Jiyang depression is juxtaposed against the Luxi uplift and its structures. Our inversion results also reveal a blind fault in the region and features suggesting major extensions in Paleogene.
Introduction
Basin-edge structure plays a fundamental role in understanding the formation of sedimentary basins and strong ground motions in the basin. In addition, basement and older strata become increasingly commercially important because hydrocarbon production from basement and buried hill has been reported, for example, from a fractured basement in northern China (Yang et al., 1999) . So it is of great importance to investigate the shape of basins resting against large mountains and the configuration of the basin edge.
Many seismic methods, such as reflection methods and refraction methods, have been proposed to study basin-edge structures. The reflection and refraction methods using active sources have extensive applications in the exploration industry, but it is expensive to apply them. Therefore methods using natural earthquakes (e.g., Scrivner and Helmberger, 1994; Hauksson and Hasse, 1997) attract attention for their economy of acquiring data, especially with the dense distribution of portable stations inside a basin. The Northern China Interior Structure Project (NCISP), which is operated by the Institute of Geology and Geophysics, Chinese Academy of Science, deployed dense portable stations traversing the Baohai Bay Basin, northern China, from September 2000 to March 2003. The dense seismic coverage provides us with a good opportunity to improve our understanding of the south edge of the Bohai Bay Basin. However, it is difficult to use seismic data recorded at close distances because of the lack of regional earthquakes in our target region. Fortunately, we acquired a large amount of high-quality teleseismic data sampling across the basin edge. It encourages us to search for a new way to estimate the basin-edge structure by using these teleseismic data. In this article, we develop a technique to estimate the basin-edge structure by using broadband teleseismic data and to apply this technique to study the edge and velocity structure of the Jiyang depression, northern China, with additional constraints from geology and well-logging data. We discuss the technique and modeling results in the next sections.
Seismic Technique Combining Forward Waveform Calculation and Inversion
Our technique consists of forward synthetic FD calculations and waveform and travel-time inversions. The forward method consists of extrapolating the wave field to the interface beneath the FD region and FD calculating in the region involving the basin. The observed shear horizontal (SH) wave field at a hard-rock site is extrapolated to the excitation points along the interface between the homoge- Stations from 21JZZS to 87SZZ were deployed at hard-rock sites outside the basin, whereas stations from 95QDZ to 143SLX were inside the basin. Note that the waveforms recorded at the hardrock sites are very similar, but those recorded inside the basin are noticeably different. neous media and the FD region, and synthetics are calculated by the FD method (e.g., Virieux, 1984) . The inversion method searches a best-fitting basin model by waveform and travel-time inversion until the model synthetics fit the data best. The advantages of this approach are that (1) it is applicable with teleseismic data that are very abundant and (2) source parameters and path effects are not necessary in extrapolating incident wave field as the excitation of the FD calculation. The waveform modeling is done for the SH system because the P-SV waveforms are more complicated to analyze because of the conversions between P and S energy at basin interfaces.
Forward Waveform Calculations
Several approaches have been proposed to simulate the wave propagation in the basin or other heterogeneous media at large epicentral distances. Both numerical and analytical methods have difficulties in handling this type of wave propagation (Wen and Helmberger, 1998) . The hybrid methods (e.g., Wen, 2002) , which combine the advantages of both numerical and analytical methods, find broad applications wherever all-in-one modeling of source, path, and site effects is too expensive (e.g., Ivo et al., 2002) . However, with hybrid methods, source parameters and path effects are required to generate generalized ray theory (GRT) solutions that are used as the excitation of FD calculation. Consequently the accuracy of the modeling results depends on not only the accuracy of the local model but also on the source parameters and path effects used in the calculation. This increases the computational time and difficulty of modeling for teleseismic events. The essence of hybrid methods is that they can separate the various effects discussed previously into individual operators (Wen and Helmberger, 1997) . Following this idea, when we have seismic waveforms observed both at hard-rock sites and inside the basin, we can reasonably assume that the path effects from the earthquake source to the base of the basin are similar to the path effects to the hard-rock stations. Therefore, the "basin site response" can be considered as the most significant cause of the waveform difference between stations outside and inside the basin, and we can attribute their waveform difference mainly to a basin operator. The validity of this assumption can be verified with the observations. Figure 1b shows that the tangential displacements recorded at hard-rock stations (21JZZS to 88NWZ, Fig. 1a ) are in excellent agreement with each other, whereas those recorded inside the basin (stations from 95QDZ to 144LJZS) are evidently different. Based on this understanding, we develop a wave-field extrapolation FD method using the data at hard-rock sites as input motions instead of GRT solutions for FD calculation.
The SH wave-propagation problem is illustrated in Figure 2 . We restrict our consideration to in-plane propagation of the SH wave. If the stations are sufficiently far away from the source, we can approximate the SH wave as a plane wave with a near-vertical incidence. For the plane wave, Cartesian coordinates are chosen as in Figure 2 , with x axis taken in Figure 2 . Schematic illustration of the principle of the SH wave-field extrapolation FD method. The basin is confined inside a rectangle, where the FD method is applied. When a hard rock site station P is sufficiently far away from the source, the SH wave recorded at P can be extrapolated to the bottom interface of the FD the direction of the horizontal slowness component. Supposing that the SH wave travels as a plane wave, its displacement V inc in the frequency domain (Aki and Richards, 1980 ) is given by
where A is a constant, j is the incidence angle, b is the shearwave velocity, x is the frequency, and (sin j)/b and (cos j)/ b the horizontal and vertical slowness, respectively. For the SH wave, the reflection coefficients on the free surface are equal to 1, and the tangential displacement on the free surface at position g is two times that of the incident SH wave. Then, for SH-wave propagating in homogeneous medium, the tangential component of displacement recorded at hard-rock sites can be extrapolated to the bottom interface of the FD region. The extrapolated wave field is given as
where s is retarded time. The IASP91 global model (Kennett and Engdahl, 1991 ) is used to calculate the retarded time.
Following these procedures, the record observed at a hard-rock site P is extrapolated to the interface grid points PЈ 1 , PЈ 2 , PЈ 3 , and so on of the FD region as the input motions in FD calculations.
In FD calculation, the basin cross-sectional model vector is velocity as a function of position m(x) ‫ס‬ v(x, z) , and it is parameterized as isovelocity layers with linearly dipping segments represented with control depth points (for example, solid circles indicate the depth points in Fig. 3a) . The explicit numerical FD schemes of fourth order in space and second order in time are applied in the interior of the FD region, whereas those of second order in space and time are used for the grid points at the boundary of the FD region (Wen, 2002) . At the left, right, and bottom boundaries, we apply the absorbing conditions of Clayton and Engquist (1977) . Waveform Inversion
To explain the records inside the basin and invert the basin structure, full waveform inversion methods were proved to be very effective (e.g., Aoi et al., 1995; Ji et al., 2000) , because they have high resolution (Luo and Schuster, 1991) . We use this method to model the basin structure. In the inversion process, the basin model is adjusted until synthetic waveform fits the data best.
The waveform inversion problem can be formulated as the numerical solution of the following operator equation (Mehanee and Zhdanov, 2002) 
obs where A is the forward modeling operator, p(t) obs are the observed seismograms, and m(x) ʦ M (M is a Hilbert space of model parameters with an L 2 norm). This inversion problem is usually an ill-posed problem whose solution can be nonunique and unstable. We reduce the nonuniqueness and instability by minimizing the Tikhonov parametric function (Tikhonov and Arsenin, 1977) ,
where E [m(x) ] is a misfit function that includes a matching degree of waveform and travel time, s[m(x) ] is a stabilizing function, and ␣ is a stabilizing coefficient.
We follow Ji et al. (2000) and define waveform misfit as a square norm of the difference between the synthetic and recorded seismograms.
where p(t) syn and p(t) obs are the synthetic and recorded seismograms, respectively, and s is the time shift between the two. Then misfit function is presented as (Luo and Schuster, 1991) :
where N is the number of stations, ds l is the retarded time between synthetic and record at the point of origin of the FD region, W t and W f are weights for travel-time residual and waveform fit, respectively. We choose weights based on the data quality. The stabilizer can be treated as a tool for including a priori information about the geological structures in the inversion problem solution (Mehanee and Zhdanov, 2002 ).
We use a minimum norm of difference between the selected model and the drilling core data as stabilizer:
where m core (x) is the depth vector of the strata interfaces for the drilling core data. Following Ji et al. (2000) , we use the conjugate gradient algorithm (Polak, 1971) to seek the minimum of the Tikhonov parametric function defined in equation (4).
Numerical Tests
We carry out several numerical tests on the validity of the SH wave-field exploration FD method, resolution of model parameters, and effects of using a stabilizer to incorporate geological information into inversion.
The first test is to check the validity of the SH wavefield extrapolation of the FD calculation by using the data from hard-rock stations deployed at the Luxi uplift. In the wave-field extrapolation, we take the record of station 21JZZS for event 010224 (Table 1) as input motion; in the FD calculation we use a 2D homogeneous model in which stations from 21JZZS to 87SZZ are aligned according to their epicenter distances. Comparison of synthetics (dashed lines in Fig. 3b ) and records (solid lines in Fig. 3b ) shows good agreement in both timing and waveform. Similar results are obtained when we use data from other events listed in Table 1 . Despite the fact that the hard-rock stations are not deployed in a line to the epicenter but rather within a rectangle with a width of 100 km (Fig. 1a) , the 2D wavefield FD method is still valid. This implies that it can be extended to 3D problems.
Compared with regional event data, the teleseismic data have lower frequency content from 0.05 to 1 Hz. It is very important to investigate to what detail our teleseismic data can constrain the basin structure. To illustrate it, we perform a second test using synthetic data. The test model involves a simple single-layer (solid line in Fig. 4a ), and it is parameterized by depth control points with a 5-km horizontal interval. The test data are generated by using the record at station 87SZZ for event 010102 (listed in Table 1 ) as the input motion. Then we add a local rise of basement beneath a location 30 km from the model point of origin and calculate synthetics (dashed line in Fig. 4a) . The comparison between test data (solid lines) and synthetic motions (dashed lines) is shown in Figure 4b sec time difference and an average of 0.07 waveform misfit defined in equation (6). For the receiver located above the rise, the time residual increases to 0.625 sec and the maximum waveform misfit reaches 0.12. We gradually decrease the height of the rise from 2 to 0.1 km and calculate the average timing residual and waveform misfit. Figure 4c shows the timing difference and waveform misfit as the height of rise decreases from 2 to 0.1 km, and the traveltime residual provides a more important constraint than waveform misfit. For this particular numerical test, the inversion continues in a correct conjugate direction when a local rise of 0.2-km height occurs, which indicates that the frequency content of our teleseismic data would allow us to recover a local rise of 0.2-km height and 10-km width. However, this resolution depends on the frequency content of the data (see Modeling Results section), the frequency content of our teleseismic data would allow detection of a local rise of 1.0-km height and 10-km width. In general, such a local rise would increase 5%-20% waveform misfit and produce a 0.2-0.5-sec time residual.
Other parameters, such as velocity variation, 3D undulation of the bottom topography of basin, and sign-to-noise ratio, would also affect the resolution of the inversion. Because of the nonlinearity of the inversion, it is difficult to define the relationship between inversion resolution and these parameters. However, we can determine them qualitatively by numerical tests. To examine the effect of the uncertainties of the assumed velocity, we perform a numerical test using a model with a local rise of 2-km height. The inversed results are shown in Figure 4d for the cases in which the shear wave velocities are 10% higher and lower than the assumed value, respectively. The resultant depth in the inversion increases (decreases) about 15% for the cases with the higher (lower) assumed velocity. However, an uncertainty of 10% in the assumed velocity does not affect the ability to recover the major characters of the model. Highfrequency noise does not change the inverse result (Ji et al., 2000) , whereas a strong 3D undulation of the bottom topography of the basin would have a strong effect on the resolution of the inversions based on a 2D assumption. Consequently, it is important to restrict our consideration to in-plane propagation of the wave in selecting the events to reduce the 3D effect.
When additional information from geology or well log data is available, we can incorporate the information as additional constraints to the model. This is done by introducing a stabilizer in the inversion. We show an example to illustrate the effects of using a stabilizer in the inversion on the final inverted model using synthetic data. The test model involves a two-layer steplike structure. The position of 87SZZ is set as the origin of the FD region, and the test data are generated using the record at station 87SZZ for event 010224 as input motion. We use a sloping layered model as our starting model in inversion. In Figure 5a , comparison shows large discrepancies between the test data (solid lines) and synthetics (dashed lines) calculated based on the starting model. In the inversion, the weights of waveform fit and arrival-time residual are both 0.5. If we assume that we know the depths of the first layer beneath locations 20 and 55 km away from the model point of origin from the drilling core data, we can substitute these depths in equation (7) as a stabilizer. We obtain two inverted models in which one uses stabilizer and the other does not. Figure 5b and c shows that both these models generate synthetics that match the test data equally well, which means that we cannot judge which is the optimal result without other a priori information. Although the pseudo model (dashed line with black circles in Fig. 5b ) is similar to the test model (solid line in Fig. 5b ) overall, local differences exist. In Figure 5b , it is obvious that "thickness trade-off effect" exists. Beneath the locations 20 and 55 km away from the model point of origin, the thickening of the first layer compensates for the thinning of the second layer. This kind of trade-off is very common in the multilayered inversion model. However, if we have some a priori information, such as borehole or well-logging data, we can use it as a stabilizer and obtain a better-constrained result (Fig. 5c) . Thus, using a stabilizer can incorporate a priori geological information and well log data in the inversions, reduce the "thickness trade-off effect," and better constrain the basin model.
Modeling of the Southern Edge of the Jiyang Depression Geological Settings
The Jiyang depression is a Mesozoic Cenozoic sedimentary depression with abundant oil and gas (Liu and Yang, 1995) . It is one of six main subbasins of the Bohai Bay Basin Province, lying in the southeast of the Baohai Bay Basin Province that developed during Cenozoic extensional tectonics of the North China Plate. Published reports (e.g., Allen et al., 1997) suggested that the Bohai Bay Basin formed after the early Cenozoic extension and late Cenozoic thermal subsidence. To the south of the Jiyang depression are the mountains of the Luxi uplift with Precambrian crystalline basement that is the southern boundary of the Bohai Bay Basin Province. To the north, are the Chengning rift and the Huanghua depression (Lu et al., 1997) . Tertiary strata form the major reservoir rocks of the basin, resting unconformably on a variety of older prerift strata, and are covered conformably or unconformably by Quaternary sediments. Lithologies are dominated by terrestrial clastic rocks (Allen et al., 1997) .
Seismic Data Set
As a part of NCISP, between November 2000 and July 2001, 65 portable broadband stations were deployed traversing the eastern part of the Bohai Bay Basin Province (Fig. 1a , which shows only those stations used in the present study). The stations traversing the southern boundary of the Bohai Bay Basin were deployed in two nearly straight lines extending from south (the Luxi Uplift) to north (the Jiyang depression) using CMG-3ESP sensors and REFTEK-72A data-acquisition systems. The average spacing between stations is ϳ10 km. The data are used to constrain models along two cross sections (Fig. 6a, AAЈ and BBЈ) . Unfortunately, the instrument malfunctions of several stations resulted in a data gap in some places along cross section BBЈ.
We select four seismic events whose locations are at almost the same azimuths along these two profiles AAЈ and BBЈ. Their magnitudes (M w ) are Ն 6.0. Table 1 lists the event parameters, and Figure 6b shows the location map. Event locations and origin times are taken from the United States Geological Survey (USGS) website catalog.
Only the data recorded at the stations deployed at the edge of the basin or inside it are selected for modeling. The seismic data are bandpass filtered between 0.005 and 4 Hz, and the instrument responses are removed. The basin effects in these data are obvious. For example, Figure 1b shows that the basin stations exhibit weak direct arrivals but strong reflected phases. The reflected phases become stronger for the stations in the deeper basin.
We take stations 87SZZ and 88NWZ (Fig. 6a) , deployed at the Luxi uplift, as the hard-rock site stations along the AAЈ and BBЈ, respectively. We extrapolate the observations at these two stations to the FD grids at the bottom of the FD regions. In the FD calculations, we choose the locations of 87SZZ and 88NWZ as the left boundaries of the FD regions, respectively. The epicentral distance and azimuth from the events to reference stations 87SZZ and 88NWZ are shown in Table 2 .
Modeling Results
Using the technique developed in this article, we model the observed waveforms and invert the basin models along cross sections AAЈ and BBЈ, respectively. We first construct our preliminary basin geometry (shown in Fig. 6c ) based on a rough geology cross section (Lu et al., 1997) similar to ours and assign average compressional wave velocities of the sedimentary layers inside the basin based on drilling core and sonic log data. The drilling core and sonic log data are from the Eastern China Oil Company, and we are not permitted to present the details of the data. We then use forward waveform calculation and inversion to constrain the basin models. Seismic exploration experiments suggested eight major seismic reflectors in the basin (Wang and Qian, 1992) . Because our seismic data have a lower vertical resolution than the seismic reflection data, we divide our basin model into four major velocity layers, corresponding to the Quaternary, Neogene, Paleogene, and Pre-Tertiary strata, respectively. The average shear velocities (Table 3) are obtained from the compressive wave velocities and the V P /V S ratios of the four strata averaged from the drilling core and sonic data. The shear velocity of the basement rock is assigned to be 3.18 km/sec calculated based on an average compressional velocity of 5.5 km/sec and a V P /V S ratio of 1.73 (Lu, 1993) . We adopt a grid size of 0.05 km in FD calculations and a horizontal spacing of 5 km between control points of the basin models. The best-fitting models for the two cross sections AAЈ and BBЈ are shown in Figures 7 and 8 , respectively, and the synthetic waveforms (dashed lines) from our best-fitting models are compared with the records (solid lines). The relative timing and waveform match the data well. Although the input motions at the hard-rock site stations are quite different for four events, the models inverted from the seismic data for these four earthquakes are very similar, which proves the robustness and reliability of this technique. The small differences between the models estimated from four events may be attributed to data noise, azimuth differences, and the influence of 3D undulation of the bottom topography of the basin.
We present several forward synthetic calculations to illustrate the relationship between the model features and the observed motions. It is very difficult to determine their nonlinear relationship quantitatively, so we display it qualitatively by several tests. We take the inverted model along AAЈ as an example. We start with a simple structure and add complexity at each step. The comparison between synthetic waveforms (dashed lines) and observed data for event 010102 (listed in Table 1 ) are shown in Figure 9 . The results show that changes of the shapes of interfaces affect synthetics differently. From Figure 9a to b, changing the thin surface layer has less effect on timing and waveform than underlying layers. However, allowing the depth of the basement interface to vary (from Fig. 9b to c) significantly improves the fit to both the timing and waveform, and especially it makes the reflected phases match well. On the other hand, adjustment of intermediate layers (from Fig. 9c to d ) has a strong effect on timing and waveform, but it has less effect on the reflected phases.
Waveform inversion also reveals a blind fault beneath a location 30-50 km away from the model point of origin. We show that the blind fault is a robust feature. We perform inversions by forcing the local basin geometry near the fault region to be smooth (shown in Fig. 10 ). Inversion results show that with a smooth basement, the time residual of station 125XFX increases from 0.09 to 0.32 sec and the average waveform misfit increases by about 60% from 0.18 to 0.28. Figure 10b shows a large discrepancy between synthetics (dashed line) and data (dashed line) for station 125XFX. This is in great contrast with the excellent waveform and travel-time fits for the optimal model with fault (Fig. 7c) . When we invert basin models without smoothing the basin structure near the fault, the inversions converge quickly to the optimal model after nine iterations. In contrast, if we forced the structure beneath the location 30-50 km away from the model point of origin to be a smooth shape in inversions, we are not able to obtain a convergent result. During 100 iterations, the average time residual and average waveform misfit fluctuate but decrease only slightly (Fig.  10c) . The time residual for station 125XFX is still 0.32 sec and large discrepancies between synthetics and observed waveforms remain for stations 125XFX, 131LJZS, and 137HJZ (Fig. 10d) . The constraints on the existence of the fault are mainly from the observations recorded at stations 125XFX, 131LJZS, and 137HJZ, especially that at the station directly above the fault, 125XFX.
We obtain our preferred models along cross sections AAЈ (Fig. 11a) and BBЈ (Fig. 11c) by averaging the depths of control points of four models obtained from four events. In general, the models obtained for these two cross sections are similar. However, some difference exists between the two models along AAЈ and BBЈ. Most noticeably, cross section AAЈ has a thicker Paleogene formation and a thinner Pre-Tertiary formation than cross section BBЈ. 
Discussion
To evaluate our results, we compare our final inverted models with a geological cross section (Fig. 11) from Zhai et al. (1988) . The location of their cross section line RRЈ is shown in Figure 6a . It is noted that line RRЈ locates between lines AAЈ and BBЈ, but the cross section RRЈ is somewhat prolonged in the North and somewhat shortened in the South. Our models (Fig. 11a and c) are similar to the geological cross section (Fig. 11b) overall: (1) they all extend to a depth of ϳ6.5 km and the Tertiary formations are their major reservoirs; (2) distinct faults exist beneath the positions ϳ50 km and ϳ75 km distant from the point of origin; and (3) the basin starts thinning toward the Chengjia-Zhuang rise at about ϳ85 km from the model point of origin.
The fault geometries suggest arrays of half-grabens are developed on planar faults of the basement, and these display a typical style of extension. This suggests that extension played an important role in the evolution of the Jiyang depression. Based on geometry configuration of faults and strata, we infer that a major Cenozoic extension occurred through Paleogene (Allen et al., 1997) , and continued through Neogene and Quaternary with a decreasing rate of extension. As a result, the Neogene stratum has a greater sedimentary extent than the Paleogene stratum.
The shape of the basement is characterized by steplike structures, and its fractures are attributed to the effect of the extensions (Fig. 11) . The unconformable of basement implies that rocks have undergone weathering, erosion, and solution. Beneath the Tertiary strata, the Pre-Tertiary sediments appear to have been deposited on basement. It is reported that the Pre-Tertiary depositions mainly belong to Upper Jurassic and Lower Cretaceous (Li and Lu, 1988) . However, the Pre-Tertiary rocks appear to have also undergone strong weathering, erosion, and solution, because they are present as a very thin and unconformable stratum. Tertiary strata form the major reservoirs resting unconformably on the Pre-Tertiary rocks. Our models also indicate that the Tertiary deposition, which is a major reservoir for oil (Allen et al., 1997) , has its largest thickness (up to 4 km) beneath the Dongying sag (Fig. 11) . Waveforms recorded in sedimentary basins are affected by the 3D structure of the basin (Scrivner and Helmberger, 1994; Aoi et al., 1995) indicated that 2D inversion would become insufficient when the 3D effects are strong. The fact that we obtain consistent basin models for four events with slightly different azimuths suggests to us that our 2D approximations are reasonable. Our numerical tests have prompted the feasibility of 3D wave-field extrapolation, so it is possible to extend our method to 3D modeling of basin through 3D forward calculations and inversion. The advantages of 3D modeling would be that we can exploit the SH waves propagating through an interesting region from teleseismic events with arbitrary azimuth, and the 3D effects of wave propagation can be fully taken into account. The key to implementing 3D modeling is to generate synthetics within a reasonable calculation time and to deploy many more stations within the target areas.
Conclusions
We develop an SH wave-field extrapolation the FD method to estimate the configuration of basin edge by using teleseismic data. This method consists of wave-field extrapolation, FD calculation, and waveform inversion. A numerical test using the data from hard-rock stations checks the validity of forward synthetic calculations and reveals a possibility of extension to 3D problems. Other numerical experiments are performed to test its resolution, its sensitivity, and the validity of stabilizer in inversion.
With data for four teleseimic events, this method is used to estimate two cross sections of the southern edge structure of the Jiyang depression, the Bohai Bay Basin, northern China. Similar models are obtained from inversions of seismic data recorded for four events. Results show good agreement between the observed seismograms and the synthetics and the overall agreement between our model and the geological structure of the basin. Several forward synthetic calculations illustrate the relationship between the model features and the observed motions. Our inversion results reveal a blind fault beneath station 125XFX. Numerical tests also indicate the robustness of the existence of faults beneath the station 125XFX.
Our results reveal that the southern edge of the Jiyang depression extends from shallow depth down to about 6.5 km, and it is characterized by a steplike configuration. Its shape seems to be defined by a series of distinct faults that provide some evidence for the extension of the basin along its south edge. The faults' geometry suggests that major extensions occurred and ended at the end of Paleogene. The Tertiary strata form the major reservoir rocks of the depression.
